Introduction
============

First described in 1909, atrial fibrillation (AF) is the most common sustained arrhythmia, affecting about 2.7 to 6.1 million people in the USA.[@b1-vhrm-10-001]--[@b3-vhrm-10-001] It is a significant public health problem globally due to its associated morbidity, mortality, and health-related expenditures. Systematic approaches to reducing the burden of AF have been studied extensively, from investigation of its clinical epidemiology, evaluation of risk factors that promote its onset and progression from a paroxysmal to a more sustained form, and evaluation of therapeutic options to reduce the morbidity and mortality associated with this arrhythmia.

In this review, we address the current knowledge about the epidemiology of AF, along with its natural history, clinical course, and progression. We further seek to summarize the currently available therapeutic options as well as evaluate factors that might have the potential to affect progression of AF. A better understanding of the multiple factors that influence this condition is increasingly important in order to reduce the impact of this arrhythmia on diverse patient populations.

Incidence and prevalence of AF
==============================

The prevalence of AF in the USA is projected to rise to between 5.6 million and 12 million by the year 2050.[@b2-vhrm-10-001],[@b3-vhrm-10-001] Epidemiological studies from Western Europe report a similarly high prevalence, ranging from 2.0% to 4.7% of the population.[@b4-vhrm-10-001],[@b5-vhrm-10-001] Outside of North America and Europe, the data on the prevalence of AF are less robust.[@b6-vhrm-10-001] The correlation of increasing patient age with increasing prevalence of AF has been reported in the Framingham study, the Cardiovascular Health study, as well as other studies conducted in Australia, Holland, and Scotland.[@b7-vhrm-10-001] Based on the results from multiple community-based cohort studies conducted in the USA and Europe, the lifetime risk of AF is approximately 22%--26% in men and 22%--23% in women by 80 years of age.[@b8-vhrm-10-001],[@b9-vhrm-10-001] The risk of AF increases from 1% in individuals aged 50--59 years to 10% between the ages of 80 and 84 years, and subsequently to 11%--18% beyond 85 years of age.[@b2-vhrm-10-001],[@b3-vhrm-10-001]

Most of the evidence regarding the prevalence of AF has been derived from studies that enrolled symptomatic patients with electrocardiographic documentation of the arrhythmia. Since AF often starts in a paroxysmal form and many patients can have asymptomatic AF, it appears likely that the true prevalence of AF may indeed be higher than previously reported. The Asymptomatic Atrial Fibrillation and Stroke Evaluation in Pacemaker Patients and the Atrial Fibrillation Reduction Atrial Pacing Trial (ASSERT) monitored patients 65 years or older who had hypertension and no prior history of AF and a newly implanted pacemaker or cardioverter defibrillator for development of subclinical atrial tachyarrhythmias (defined as episodes of atrial rate \>190 beats per minute for more than 6 minutes). At 3 months, 10.1% of the enrolled patients had developed such episodes. Subclinical AF was indeed associated with both an increased risk of clinical AF and ischemic stroke and systemic embolization.[@b10-vhrm-10-001] Similar results have been reported from earlier studies that employed continuous cardiac monitoring devices. These studies have estimated AF to be present in 23% of patients presenting with cryptogenic transient ischemic attack, further indicating that there is a higher burden of AF and its consequent morbidity and mortality than has been assumed.[@b11-vhrm-10-001],[@b12-vhrm-10-001]

Classification of AF
====================

The current classification system for AF is based on a consensus to maintain simplicity and clinical relevance. It recognizes a few major stages in the spectrum of AF. The 'first detected' AF episode represents the initial detection of AF in a patient by a health care provider. This often requires further description as to the duration of the arrhythmia and whether or not it was symptomatic. AF becomes 'recurrent' when a patient has two or more episodes. Recurrent AF is either labeled 'paroxysmal' when it is self-terminating or 'persistent' when it lasts more than 7 days or is terminated earlier using either pharmacological means or direct current cardioversion. For AF that has persisted for over a year, if a rhythm control strategy is pursued, the arrhythmia is categorized as 'long-standing persistent AF.' On the other hand, if the patient is in AF and attempts to maintain sinus rhythm have been abandoned, either because of futility or the preference of the patient and the physician, the AF is labeled 'permanent.'[@b13-vhrm-10-001]

'Lone AF' and 'non-valvular AF' describe the patient's clinical milieu under which AF has developed. Lone AF is the term used if it develops in individuals under 60 years of age without any evidence of either cardiac or pulmonary disease, including hypertension. This category has been developed primarily to indicate the overall favorable prognosis with respect to thromboembolism and mortality. Designation of non-valvular AF, the subject of this review, is restricted to those patients who develop AF in the absence of valvular heart disease.

Risk factors, cardiovascular remodeling, and primary prevention of AF
=====================================================================

In addition to increasing age, several other comorbidities such as male sex, heart failure, hypertension, diabetes mellitus, obesity, cigarette smoking, and myocardial infarction have individually been identified as factors that promote development of AF. Subclinical markers such as structural heart disease (left atrial enlargement, left ventricular hypertrophy), inflammation, neurohormones, obstructive sleep apnea, and metabolic syndrome are additional factors that contribute to the development of AF.

In addition to clinical comorbidities, structural changes and electrophysiological remodeling have been identified as important contributors to the development of AF. Atrial fibrosis, often a sequel to atrial injury and inflammation, is known to have a strong association with the development and persistence of AF in both animal models and human studies. A large number of cytokines, signaling pathways including transforming growth factor-β, platelet-derived growth factor, and the renin angiotensin--aldosterone system (RAAS) have been implicated in the development of atrial fibrosis. Given these observations, prevention of atrial inflammation and fibrosis has been hypothesized to be a major target in prevention of AF.[@b14-vhrm-10-001]

Development of AF is also known to be associated with altered electrical activation and remodeling of the atrium. Increased left atrial pressure and dilatation lead to alterations in the expression and function of ion channels. The resulting ectopic triggers and micro-reentrant circuits in the atrium and pulmonary veins facilitate initiation and maintenance of AF.

Data from observational studies indicate that lifestyle changes, diet, and the use of certain medications may be associated with lower AF rates. Clinical studies in patients with heart failure, hypertension, and myocardial infarction have suggested that the use of RAAS inhibitors may be associated with a 28% reduction in new onset AF. Similarly, the Atorvastatin for Reduction of Myocardial Dysrhythmia After Cardiac Surgery (ARMYDA-3) trial found that initiation of a statin after elective cardiac surgery reduced in-hospital AF to a rate of 35% in comparison with a rate of 57% in patients who received placebo. However, other clinical studies that have explored the use of RAAS inhibitors or statins (due to their anti-inflammatory and other effects) have shown mixed results in preventing AF.

Progression of AF and its predictors
====================================

The natural history of AF and its progression from self-terminating paroxysms to a more sustained or permanent state has been evaluated in multiple observational studies including data registries. The number and severity of underlying patient comorbidities heavily influence this transition, with the reported rates of progression to persistent AF ranging from 9% to up to 30% at 1 year.[@b15-vhrm-10-001]--[@b18-vhrm-10-001] The Euro Heart survey on AF reported that 15% of patients with AF progressed to persistent AF in 1 year. In the Japanese Rhythm Management Trial for Atrial Fibrillation (J-RHYTHM II), the progression rate was approximately 10% per year in patients with hypertension and paroxysmal AF.[@b19-vhrm-10-001] In the Canadian Registry of Atrial Fibrillation (CARAF) study, the probability of recurrence of AF over 5 years in patients enrolled with a first documented AF episode was 63%, and, overall, 25% of patients progressed to permanent AF within 5 years. The time to progression of AF is reported to be longer from a first reported episode to recurrent AF in comparison with the time from persistent to a permanent form, suggesting an acceleration in the rate of progression with increasing arrhythmia burden.[@b20-vhrm-10-001]

A majority of patients with new-onset AF, except for those associated with a postoperative state or a transient acute illness, are likely to experience recurrences of AF. Among the factors that promote recurrence and progression, multiple studies have reported an overlap between those that promote progression of AF and factors that are related to the development of new-onset AF. Increasing age, underlying cardiomyopathy, hypertension, AF duration \>3 months, adoption of a rate-control rather than a rhythm-control strategy, left atrial dilatation, and obesity are all well recognized factors associated with progression of AF from a paroxysmal to a more sustained form.[@b21-vhrm-10-001] In the Registry on Cardiac Rhythm Disorders Assessing the Control of AF (RECORD AF) registry, persistent AF at baseline, AF duration \>3 months, patient age \>75 years, heart failure, and a rate-control strategy all predicted progression to permanent AF.[@b22-vhrm-10-001] A few other factors, such as significant aortic stenosis or mitral regurgitation and a slower heart rate at initial presentation with AF, have also been reported in some studies to promote progression of AF, suggesting an interplay of structural remodeling of the heart with chronic stretch and atrial dilatation in addition to systemic metabolic and inflammatory factors. The HATCH scoring system (based on underlying hypertension, age \>75 years, history of transient ischemic attack or stroke, chronic obstructive pulmonary disease, and heart failure) was proposed to predict this risk of progression in patients receiving pharmacological therapy.[@b16-vhrm-10-001] (Using this model, presence of heart failure and transient ischemic attack/stroke are awarded 2 points each while the remaining risk factors are awarded 1 point each.) In this study, AF progressed in 50% of patients with a HATCH score of \>5 compared with only 6% in patients with a score of 0 ([Figure 1](#f1-vhrm-10-001){ref-type="fig"}). The HATCH scoring system has increasingly been found to be useful, although the value of this scoring system has been reported to be confined to patients treated by pharmacological means. In patients who have undergone catheter ablation for AF, this scoring system has not been reported to predict progression of AF.[@b23-vhrm-10-001]

The clinical outcomes of patients who exhibit progression of AF are worse with respect to hospital admissions and major adverse cardiovascular events. In the Euro Heart survey, patients with AF that had progressed to persistent or permanent AF had higher rates of hospital admissions, transient ischemic attack, stroke, myocardial infarction, and death.[@b16-vhrm-10-001] Additionally, permanent AF may be associated with more severe symptoms and lower quality of life.

Therapeutic options in AF
=========================

Rate control for AF
-------------------

Rate-control therapy for AF is pursued with the intention of reducing symptoms and improving cardiovascular hemodynamics by allowing increased time for ventricular filling. As a treatment strategy, there is no specific effort to maintain sinus rhythm and thus no expectation that progression of AF will be prevented. Reasons for pursuing this strategy include circumventing the adverse effects of antiarrhythmic drugs and avoiding repeated cardioversions. Drugs used for rate control include beta-adrenergic blockers, nondihydropyridine calcium channel antagonists, and dioxin. Amiodarone is occasionally used for this purpose in elderly patients with paroxysmal AF, although it is best avoided in permanent AF given its potential toxicity.

The parameters for optimal rate control have been controversial, with prior studies recommending ventricular rates of 80--100 beats per minute at rest and 90--110 beats per minute during moderate exercise based on the results from the Atrial Fibrillation Follow-up Investigation of Rhythm Management (AFFIRM) trial.[@b24-vhrm-10-001] However, based upon the results of the Rate Control Efficacy in Permanent Atrial Fibrillation: a Comparison between Lenient versus Strict Rate Control II (RACE II) study, the American College of Cardiology (ACC)/American Heart Association (AHA)/Heart Rhythm Society (HRS) guidelines have moderated their stance with respect to the value of a strict rate-control strategy.[@b25-vhrm-10-001] Thus, in patients with persistent AF with no significant symptoms and stable left ventricular function, a target of maintaining a resting heart rate of \<110 beats per minute may be appropriate.[@b26-vhrm-10-001]

Strategies to achieve rhythm control
------------------------------------

In patients with recurrent AF, a decision needs to be made as to whether to pursue a rate- or a rhythm-control strategy. Even so, the two strategies are somewhat inter-related, as patients on rhythm control are usually also prescribed rate-control agents. The currently available options for rhythm control include the use of antiarrhythmic drug therapy and catheter ablation of AF. The main goal of rhythm control is to provide symptom relief with reduction in the frequency and duration of the arrhythmia. Less well established reasons for pursuing maintenance of sinus rhythm include improvement in cardiac function and reduction of adverse mechanical and electrical remodeling of the atria.

Cardioversion, either by electrical or by pharmacological means, can be a useful tool once a decision has been made for a rhythm-control strategy in a patient with AF. Cardioversion by itself will not prevent progression of AF to a permanent form, although it can be especially helpful in situations where there has been correction of the circumstances that led to AF. Especially for first episodes of AF, cardioversion may leave the patient free of recurrence for months or longer, especially in the absence of a well developed myocardial substrate for AF maintenance.

Antiarrhythmic drug therapy
---------------------------

Antiarrhythmic drugs are the first line of therapy for maintenance of sinus rhythm in patients with AF. The majority of these drugs act by reducing the likelihood of reentry by prolonging the atrial effective refractory period through the inhibition of K^+^ currents or reduction of atrial excitability via inhibition of Na^+^ currents. However, most of these drugs affect multiple other ion channels as well as adrenergic receptors. Drugs that affect multiple channels are more effective for maintenance of sinus rhythm than selective ion channel blockers. Stabilization of Ca^2+^ handling abnormalities and normalization of gap junction physiology have been other targets for treatment of AF.[@b27-vhrm-10-001],[@b28-vhrm-10-001]

[Figure 2](#f2-vhrm-10-001){ref-type="fig"} shows the antiarrhythmic drugs that are currently available, along with a proposed algorithm to maintain sinus rhythm. Each of these drugs varies in its efficacy for maintaining sinus rhythm and possesses unique adverse effect profiles. Disopyramide and quinidine, class IA agents that are effective in AF, have fallen out of favor due to their adverse effect profiles, including worsening of heart failure and increased mortality.[@b29-vhrm-10-001]--[@b33-vhrm-10-001] Due to its anticholinergic activity, long-acting disopyramide does have a role in vagally mediated AF.[@b13-vhrm-10-001]

Flecainide and propafenone are Class IC arrhythmic agents recommended for the management of AF in patients without structural heart disease. When compared with placebo, both are effective for maintenance of sinus rhythm and for prolongation of the time to recurrence of AF.[@b34-vhrm-10-001],[@b35-vhrm-10-001] Since both of these drugs may have a propensity to promote 1:1 atrioventricular (AV) conduction during atrial flutter, an AV nodal blocking agent is routinely co-administered. In addition to its Na^+^ channel-blocking effect, propafenone has some additional beta-adrenergic-blocking effects.

Class III drugs used to maintain sinus rhythm include amiodarone, dronedarone, sotalol, and dofetilide. Amiodarone is not approved by the US Food and Drug Administration for rhythm control of AF; however, it is one of the most commonly prescribed antiarrhythmic drugs for this condition. In addition to inhibition of the outward potassium currents (Class III effect), amiodarone also has class I (Na^+^ channel blocking), Class II (antiadrenergic), and Class IV (Ca^2+^ channel blocking) effects. From the efficacy standpoint, amiodarone is the most potent antiarrhythmic drug available to maintain sinus rhythm and prolong recurrence of AF. Limited data are available to directly compare its efficacy with other antiarrhythmic drugs, although studies that compared it with sotalol and propafenone found amiodarone to be superior.[@b36-vhrm-10-001]--[@b38-vhrm-10-001] In turn, systematic reviews and indirect comparison meta-analyses have suggested the superiority of amiodarone over other available antiarrhythmic drugs for maintenance of sinus rhythm.[@b39-vhrm-10-001],[@b40-vhrm-10-001] The use of amiodarone may be limited by significant cardiovascular and non-cardiovascular adverse effects. The use of amiodarone requires surveillance for lung, liver, and thyroid toxicity, which involves evaluation at baseline and then follow-up evaluations every 6 months or yearly.[@b41-vhrm-10-001]

Dronedarone is a non-iodinated congener of amiodarone developed with the hypothesis that deletion of the iodine moiety would lead to fewer adverse effects while retaining the antiarrhythmic properties of amiodarone. Randomized trials evaluating dronedarone reported its efficacy in maintaining sinus rhythm, reduction in hospitalization and cardiovascular mortality.[@b42-vhrm-10-001],[@b43-vhrm-10-001] However, in patients with advanced heart failure, its use was associated with increased mortality. In the Permanent Atrial Fibrillation Outcome Study Using Dronedarone on Top of Standard Therapy (PALLAS) study, which studied patients with permanent AF, dronedarone was associated with an increased risk of stroke, cardiovascular death, and hospitalizations.[@b44-vhrm-10-001],[@b45-vhrm-10-001] Dronedarone is now considered reasonable to reduce hospitalization for cardiovascular events in patients with paroxysmal AF. Its use should be reserved for selected low-risk individuals who may have failed other antiarrhythmic drugs.[@b25-vhrm-10-001],[@b46-vhrm-10-001]

Sotalol is a K^+^ ion channel blocker effective at preventing recurrences of AF in comparison with placebo at doses ranging from 80 to 160 mg twice daily. In the Canadian Trial of Atrial Fibrillation (CTAF) study, sotalol and propafenone appeared to be equally efficacious, while amiodarone had better efficacy. However, upon consideration of the number of patients who discontinued amiodarone due to adverse effects, the difference between the efficacy of amiodarone and sotalol was less marked.[@b36-vhrm-10-001] In addition to its antiarrhythmic activity, sotalol also has non-selective beta-adrenergic-blocking properties and is known to provide efficient rate control in cases of AF recurrence.[@b47-vhrm-10-001] Sotalol may cause bradycardia and proarrhythmia due to QT prolongation. Thus, it is usually recommended that patients be hospitalized for close cardiac rhythm monitoring upon initiation of the drug as well as with each upward dose adjustment.

Dofetilide, another Class III antiarrhythmic agent, was studied in the Symptomatic Atrial Fibrillation Investigative Research on Dofetilide (SAFIRE-D) study, which reported a 58% efficacy in maintaining sinus rhythm at 1 year with dofetilide in comparison with 25% in the placebo group.[@b48-vhrm-10-001] In the Danish Investigations of Arrhythmia and Mortality on Dofetilide (DIAMOND) study involving patients with reduced left ventricular systolic function, the dofetilide group had a 79% probability of maintaining sinus rhythm in comparison with 42% with placebo at 1 year in addition to a reduced risk of all-cause or congestive heart failure-related hospitalization.[@b49-vhrm-10-001] In this study, torsades de pointes occurred in 1.6% patients, and half of those occurred on day 2 of dofetilide treatment. Due to this risk of torsades, initiation of this drug requires a mandatory inpatient loading period for 3 days with titration of the dose based upon QT interval and renal function. Ibutilide, another class III antiarrhythmic available in an intravenous form, is used mostly for acute conversion to sinus rhythm and is not used as maintenance therapy to prevent AF recurrence.[@b50-vhrm-10-001]--[@b52-vhrm-10-001]

The intravenous formulation of vernakalant has recently been approved in Europe for pharmacological cardioversion of AF of ≤7 days' onset, or ≤3 days for patients after cardiac surgery. It increases atrial refractoriness and causes rate dependent slowing of atrial conduction through its effects on potassium currents (I~to~, I~Ach~, I~Kur~) and late cardiac sodium current (I~Na~).[@b53-vhrm-10-001]

Catheter ablation for AF
------------------------

Electrical isolation of the pulmonary veins by delivering point-by-point radiofrequency lesions around the ostia of the pulmonary veins forms the mainstay of most AF ablation procedures. Pulmonary vein isolation is the major target in patients with paroxysmal AF, while in patients with non-paroxysmal AF, the targets of ablation continue to be debated and may include creating linear ablation lesions and targeting areas of the left atrium that demonstrate fractionated electrograms during AF (complex atrial fractionated electrograms \[CAFEs\]).[@b13-vhrm-10-001] Several factors determine the success of ablation of AF, including the type of AF (paroxysmal, persistent, or long-standing persistent), left atrial size, left ventricular function, and patient comorbidities such as obesity and sleep apnea. Reported rates of recurrence also depend upon the duration of follow-up of these patients.[@b54-vhrm-10-001]

Based on the results obtained from several randomized controlled trials that have compared the outcomes of AF ablation with antiarrhythmic drug therapy, catheter ablation for AF is more effective in maintaining sinus rhythm.[@b55-vhrm-10-001]--[@b57-vhrm-10-001] A meta-analysis that included four such trials reported a 3.7-fold increased probability for arrhythmia-free survival with catheter ablation compared with the use of antiarrhythmic drug therapy.[@b58-vhrm-10-001] In another systematic review that included 63 ablation studies, the single procedure success rate of ablation without the use of antiarrhythmic drug therapy was 57% (95% confidence interval \[CI\] 50--64), multiple procedure success without the use of antiarrhythmic drug therapy was 71% (95% CI 65--77), and the multiple procedure success rate with the addition of antiarrhythmic drug therapy was 77% (95% CI 73--81). In comparison, this study reported a success rate of 52% (95% CI 47--57) with the use of antiarrhythmic drug therapy alone. An important caveat that needs to be recognized when evaluating the results of these trials is that the majority of these studies with catheter ablation enrolled predominantly middle-aged white men with paroxysmal AF and few comorbidities. Additionally, the results from the recent Medical Antiarrhythmic Treatment or Radiofrequency Ablation in Paroxysmal Atrial Fibrillation (MANTRA-PAF) trial indicate that, in patients aged 70 years or less, with a left ventricular ejection fraction over 40%, radiofrequency ablation of AF as a first-line strategy may be as safe and effective as antiarrhythmic drug therapy for maintenance of sinus rhythm.[@b59-vhrm-10-001] Although these results appear promising, more long-term data about efficacy and adverse effects are needed before definitive conclusions can be drawn. Based on the ACC/AHA/HRS guidelines, catheter ablation for AF is currently indicated in patients with symptomatic, paroxysmal AF in whom one or more antiarrhythmic drug has failed and who have normal or mildly dilated left atrial size, normal or mildly reduced left ventricular function with no severe pulmonary disease (Class I). Ablation is a Class IIa indication in those with symptomatic persistent AF, while it is a Class IIb indication in those with symptomatic, paroxysmal AF with reduced left ventricular systolic function or with significant dilatation of the left atrium.[@b13-vhrm-10-001]

Strategies to prevent progression of AF
---------------------------------------

The presence of sustained AF is known to be associated with increased morbidity and mortality, and attempts to curb AF progression have centered around modulation of factors that are known to promote this development in addition to modulation of the arrhythmia itself.[@b16-vhrm-10-001] Comorbidities such as heart failure and hypertension have consistently been reported to be associated with AF progression, but studies directly evaluating interventions to control these comorbidities and their effect on AF progression are limited. The effect of obesity as a factor determining progression to sustained AF has been controversial.[@b17-vhrm-10-001],[@b21-vhrm-10-001],[@b60-vhrm-10-001] Increasing body mass index is associated with graded increases in left atrial size, and weight reduction is associated with a reduction in left atrial size, suggesting that reduction in body mass index could be a target for prevention of AF progression.[@b13-vhrm-10-001],[@b61-vhrm-10-001] Similarly, the presence of obstructive sleep apnea portends a 25% increased risk for AF recurrence after catheter ablation, while its treatment is associated with an 8-fold improvement in the success of the procedure.[@b62-vhrm-10-001],[@b63-vhrm-10-001] Thus, although the extent of benefit that may be obtained from better control of such individual comorbidities in preventing progression of AF are less evident, this goal remains an important target in the management of AF.

Effect of rhythm control using antiarrhythmic drug therapy on progression of AF
-------------------------------------------------------------------------------

In comparison with a rate-control strategy, a rhythm-control approach to AF management is reported to delay progression to a sustained form.[@b17-vhrm-10-001] In the RECORD AF registry of patients with recently diagnosed AF, 54% of patients in the rate-control arm progressed to permanent AF in comparison with 13% in the rhythm-control group. Upon application of propensity scoring to account for patient comorbidities, the impact of treatment strategy with rhythm control was found to be favorable (odds ratio \[OR\] 0.20, 95% CI 0.17--0.25; *P* \< 0.0001).[@b64-vhrm-10-001] In another prospective survey that evaluated patients worldwide, patients treated with rhythm control showed less progression of AF in comparison with a rate-control strategy (11% versus 26%; *P* \< 0.001). In multivariate logistic regression, rate control rather than rhythm control was an independent predictor of AF progression (OR 3.2, 95% CI 2.5--4.1; *P* \< 0.0001).[@b17-vhrm-10-001] In this study, patients who received class IC antiarrhythmic drugs were found to have less AF progression than those who received other pharmacological therapies ([Figure 3](#f3-vhrm-10-001){ref-type="fig"}). As shown in animal studies, prevention of electrical remodeling of the atrium that occurs with increasing AF burden has been hypothesized to be responsible for delay in AF progression.[@b65-vhrm-10-001] Additionally, patients with AF maintained in sinus rhythm are known to have a reduction in left atrial size and improvement of left ventricular systolic function, both of which are important factors associated with AF progression.[@b66-vhrm-10-001]

It has been argued that a rhythm-control strategy could appear to be more favorable due to its selective application in younger patients with fewer comorbidities, factors that are independently associated with AF progression. However, upon using propensity scoring models to correct for the influence of these variables, the overall results in the above-mentioned analyses remained unchanged, and a rhythm-control strategy remained a significant deterrent for AF progression.

Use of antiarrhythmic drug therapy is often hampered by limited efficacy in controlling AF over a prolonged duration of time, coupled with an increased risk for adverse effects. In a systematic review evaluating the efficacy outcomes of all antiarrhythmic drugs, the rate of success in control of AF (during the follow-up periods of the included studies) was 52% (95% CI 47--57), and drug discontinuation due to adverse effects was 10.4%, along with a 2.8% overall mortality.[@b67-vhrm-10-001] Additionally, in the Euro Heart Survey on AF that examined the natural progression of AF, antiarrhythmic drugs were used in 50% of patients and amiodarone in approximately 25%, yet the use of these agents was not significantly associated with a reduction in AF progression.[@b16-vhrm-10-001] A limitation of this study was that patients were not randomized to a specific treatment strategy, and treatment decisions were left to attending cardiologists.

Comparison of catheter ablation with antiarrhythmic drug therapy
----------------------------------------------------------------

Radiofrequency catheter ablation (RFA) of AF when compared with the use of antiarrhythmic drug therapy has been reported to have more favorable outcomes for reducing the progression of AF. In a study by Pappone et al,[@b20-vhrm-10-001] 106 patients who presented to the emergency room with a first diagnosed episode of AF were followed prospectively for 5 years. Of these, 56 (53%) developed recurrent paroxysmal AF and were placed on long-term antiarrhythmic drug therapy. AF became persistent in 24 of 45 patients taking antiarrhythmic drug therapy. In 11 such patients who failed antiarrhythmic drug therapy, RFA of AF was performed, and none of these patients had recurrence of AF. Among the persistent AF patients who failed drug therapy, 16 of 24 (67%) progressed to permanent AF, thus providing evidence for the superiority of RFA of AF in preventing progression of AF. Similarly, in the Ablation for Paroxysmal Atrial Fibrillation (APAF) trial, 198 patients with paroxysmal AF were randomly assigned to RFA or antiarrhythmic drug therapy. At 4 years of follow-up, by intention-to-treat analysis, 72.7% of patients in the ablation arm and 56.5% in the antiarrhythmic drug therapy arm remained free of recurrent AF (*P* = 0.017).[@b68-vhrm-10-001] In this study, antiarrhythmic drug therapy in about 88% of patients was ineffective, requiring crossover to the RFA arm due to frequent recurrences and progression of AF. In another study by Jongnarangsin et al,[@b23-vhrm-10-001] a cohort of 504 patients with paroxysmal AF underwent RFA of AF and were followed over a mean duration of 27 ± 12 months. The progression rate to persistent AF was 0.6% per year after RFA in comparison with 9% per year as reported previously in pharmacologically treated patients ([Figure 4](#f4-vhrm-10-001){ref-type="fig"} and [Table 1](#t1-vhrm-10-001){ref-type="table"}).

The widespread acceptability of RFA as a first-line treatment modality for AF has been limited due to a lack of long-term follow-up data about the efficacy and safety profile across all patient groups, including those with underlying structural heart disease. Additionally, the procedure is invasive and is associated with a number of serious complications such as pulmonary vein stenosis, thromboembolism, atrio-esophageal fistula, and pericardial tamponade. Thus, it is important to understand which patients are less likely to benefit from ablation therapy. Until such questions are answered by well conducted randomized controlled trials, the true efficacy of catheter ablation across all patient populations and whether it just delays or truly prevents progression of AF remains to be proven conclusively.

Conclusion
==========

AF is a progressive disease, and persistent or permanent AF is associated with greater patient morbidity and mortality than paroxysmal AF. Results from randomized controlled trials suggest no mortality benefit of a rhythm-control strategy for management of AF in comparison with a rate-control strategy. Nevertheless, use of a rate-control strategy is associated with more rapid progression of AF to persistent or permanent AF, partly due to morphological changes in the atria that facilitate maintenance of AF. Thus, for younger or highly symptomatic patients with AF, the benefits associated with a rhythm-control strategy should especially be considered and implemented as appropriate. In select patients, catheter ablation provides greater success for prevention of progression of AF than antiarrhythmic drug therapy, although a need for an individualized approach for rhythm control remains essential.
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![1-year incidence of progression of atrial fibrillation based on HATCH score (hypertension, age \>75 years, transient ischemic attack or stroke, chronic obstructive pulmonary disease, and heart failure).[@b16-vhrm-10-001]\
**Note:** Reprinted from Journal of the American College of Cardiology, 55(8), de Vos CB, Pisters R, Nieuwlaat R, et al, Progression from paroxysmal to persistent atrial fibrillation clinical correlates and prognosis, 725--731, Copyright © 2010, with permission from Elsevier.\
**Abbreviation:** AF, atrial fibrillation.](vhrm-10-001Fig1){#f1-vhrm-10-001}

![Proposed algorithm for use of antiarrhythmic drugs in patients with paroxysmal or persistent atrial fibrillation.[@b13-vhrm-10-001]\
**Note:** Reproduced from Fuster V, Rydén LE, Cannom DS, et al, 2011 ACCF/AHA/HRS focused updates incorporated into the ACC/AHA/ESC 2006 guidelines for the management of patients with atrial fibrillation: a report of the American College of Cardiology Foundation/American Heart Association Task Force on practice guidelines, *Circulation*, 123(10):e269--e367, Copyright © 2011, with permission from Wolters Kluwer Health.\
**Abbreviation:** LVH, left ventricular hypertrophy.](vhrm-10-001Fig2){#f2-vhrm-10-001}

![Atrial fibrillation-related medication use at baseline and association with arrhythmia progression at 1 year.[@b17-vhrm-10-001]\
**Note:** Reprinted from American Heart Journal, 163(5), De Vos CB, Breithardt G, Camm AJ, et al, Progression of atrial fibrillation in the REgistry on Cardiac rhythm disORDers assessing the control of Atrial Fibrillation cohort: clinical correlates and the effect of rhythm-control therapy, 887--893, Copyright © 2012, with permission from Elsevier.](vhrm-10-001Fig3){#f3-vhrm-10-001}

![Rate of progression of atrial fibrillation. Probability for progression of atrial fibrillation was estimated to be 0.6% per year after radiofrequency catheter ablation (blue line) in comparison with a rate of 8.6% in the first year among patients treated with antiarrhythmic drug therapy.[@b23-vhrm-10-001]\
**Note:** Reprinted from Journal of Cardiovascular Electrophysiology, 23(1), Jongnarangsin K, Suwanagool A, Chugh A, et al, Effect of catheter ablation on progression of paroxysmal atrial fibrillation, 9--14, Copyright © 2012, with permission from John Wiley & Sons.\
**Abbreviation:** AF, atrial fibrillation.](vhrm-10-001Fig4){#f4-vhrm-10-001}

###### 

Long-term outcomes in atrial fibrillation with a rhythm-control strategy

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                   Patients (n)   Age (mean ± SD), years   Type of AF at baseline, % patients   Rhythm-control method   Duration of follow-up (months)   Details of antiarrhythmic drug therapy or ablation                                                                      Study endpoint, number of patients (%)                                    Complications of therapy, number of patients                         Additional factors associated with AF progression
  --------------------------------------- -------------- ------------------------ ------------------------------------ ----------------------- -------------------------------- ----------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------- -------------------------------------------------------------------- -------------------------------------------------------------
  Pappone et al[@b20-vhrm-10-001]         56             57.5 ± 11.5              PA, 100%                             AADT                    60                               Class IC and/or Class III including amiodarone or Sotalol (combination)                                                 Recurrent PA: 21 (37.5%)\                                                 Intolerance to AADT, 11[†](#tfn2-vhrm-10-001){ref-type="table-fn"}   Age, diabetes, heart failure
                                                                                                                                                                                                                                                                                                        Remain in PS: 8 (14.2%)\                                                                                                                       
                                                                                                                                                                                                                                                                                                        Progression to PN: 16 (28.5%)                                                                                                                  

  Pappone et al[@b68-vhrm-10-001]         99             57 ± 10                  PA, 100%                             AADT                    48                               Monotherapy or combination of flecainide, Sotalol, amiodarone                                                           Freedom from AF: 56 (56.5%)[\*](#tfn1-vhrm-10-001){ref-type="table-fn"}   Intolerance to AADT,68[†](#tfn2-vhrm-10-001){ref-type="table-fn"}    Left atrial size

  Weerasooriya et al[@b69-vhrm-10-001]    100            55.7 ± 9.6               PA 64%\                              CA                      60                               PVI, cavotricuspid isthmus ablation + roof and mitral isthmus in recurrent AF + six patients on amiodarone              Arrhythmia-free survival: 29%                                             CT, 3                                                                Valvular heart disease, non-ischemic dilated cardiomyopathy
                                                                                  PS, 22%\                                                                                                                                                                                                                                                                                                                                                             
                                                                                  LSP, 14%                                                                                                                                                                                                                                                                                                                                                             

  Jongnarangsin et al[@b23-vhrm-10-001]   504            58 ± 10                  PA 100%                              CA                      27                               PVI, operator-dependent\                                                                                                Patients in sinus rhythm: 86%\                                            NR                                                                   Age \>75 years, duration of AF \> 10 years, diabetes
                                                                                                                                                                                CFAE and linear ablations                                                                                               Progression to persistent\                                                                                                                     
                                                                                                                                                                                                                                                                                                        AF:7(1.5%)                                                                                                                                     

  Pappone et al[@b20-vhrm-10-001]         11             57.5 ± 11.5              PA 100%                              CA                      60                               NR                                                                                                                      AF recurrence: none                                                       NR                                                                   Age, diabetes, heart failure

  Pappone et al[@b68-vhrm-10-001]         99             55 ± 10                  PA 100%                              CA                      48                               PVI, mitral isthmus line, line between right-sided pulmonary vein, cavotricuspid isthmus block + two patients on AADT   Freedom from AF: 72 (72.7%)                                               FH 3, TIA 1, PE 1[‡](#tfn3-vhrm-10-001){ref-type="table-fn"}         Left atrial size

  Ouyang et al[@b70-vhrm-10-001]          161            59.8 ± 9.7               PA 100%                              CA                      60                               PVI, right- and left-sided continuous ablation encircling ipsilateral pulmonary vein + 29 patients on AADT              Sinus rhythm: 128 (66.7%)\                                                AP: 1\                                                               NR
                                                                                                                                                                                                                                                                                                        Progression to chronic AF: 4 (2.4%)                                       PE: 2[‡](#tfn3-vhrm-10-001){ref-type="table-fn"}                     

  Hussein et al[@b71-vhrm-10-001]         831            58.7 ± 9.9               DR, 100%                             CA                      55                               PVI, SVC potential ablation, additional non pulmonary vein triggers in redo ablations + 87 patients on AADT             Freedom from arrhythmia: 660 (79.4%)                                      PE: 1\                                                               NR
                                                                                                                                                                                                                                                                                                                                                                                  CT: 2\                                                               
                                                                                                                                                                                                                                                                                                                                                                                  TIA: 3\                                                              
                                                                                                                                                                                                                                                                                                                                                                                  PVS:6\                                                               
                                                                                                                                                                                                                                                                                                                                                                                  H: 6                                                                 

  Hsieh et al[@b72-vhrm-10-001]           207            NR                       DR, 100%                             CA                      30                               PVI + five patients on AADT, amiodarone, propafenone                                                                    Recurrent AF: 70 (34%)                                                    NR                                                                   NR

  Bertaglia et al[@b73-vhrm-10-001]       177            59.1 ± 10.5              DR, 100%                             CA                      50                               PVI, mitral isthmus, cavotricuspid isthmus + AADT in 33 patients (amiodarone, flecainide, propafenone, Sotalol)         AF recurrence: 74 (41.8%)                                                 NR                                                                   None
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

Of these, 44.4% crossed over to receive AF ablation while 11.1% were maintained on AADT alone

includmg lack of efficacy or adverse events requiring discontinuation

pericardial effusion did not require pericardiocentesis.

**Abbreviations:** AADT, antiarrhythmic drug therapy; AF, atrial fibrillation; AP, aspiration pneumonia; CA, catheter ablation; CFAE, complex fractionated atrial electrograms; CT, cardiac tamponade; DR, drug resistant; FH, femoral hematoma; H, hematomas; LSP, long-standing persistent; NR, not reported; PA, paroxysmal AF; PE, pericardial effusion; PN, permanent AF; PS, persistent AF; PVI, pulmonary vein isolation; PVS, pulmonary vein stenosis; SD, standard deviation; SVC, superior vena cava; TIA, transient ischemic attack.
